We advocate the study of supergravity models as well motivated few-parameter low-energy supersymmetric models. In this context we survey a broad range of phenomenological constraints and future tests, including present and nearfuture Tevatron (q,g, χ
1 Why supergravity models?
The most general "minimal" low-energy supersymmetric model, i.e., the Minimal Supersymmetric extension of the Standard Model (MSSM) has more than 20 free parameters, and therefore experimental tests and constraints are impractical to implement. One needs further theoretical input to test/constrain "sensible" models of low-energy supersymmetry. One promising avenue consists of invoking models for physics at very high energies (for a recent review see [1] ):
• Grand unification, provides gauge and Yukawa coupling relations, as well as gaugino mass relations.
• Supergravity, allows the calculation of the soft supersymmetry breaking parameters in terms of the Kähler function (K) and the gauge kinetic function (f ). These constraints lead to four-parameter models.
• Superstrings, provide specific forms for K and f , and in principle reduce the number of free parameters to none.
We can consider a "generic" supergravity model described by the MSSM matter content, gauge coupling unification at ∼ 10 16 GeV, a universal gaugino mass (m 1/2 ), a universal scalar mass (m 0 ), a universal scalar coupling (A), and at low energies tan β. The radiative electroweak breaking mechanism allows the determination of µ, B, and the parameter space is four dimensional (plus the sign of µ). Further constraints can reduce the dimension of the parameter space, like Yukawa coupling unification which determines tan β for a given value of m t .
More "modern" features have been recently incorporated in the study of supergravity models, such as string unification at ∼ 10 18 GeV, simple string models (e.g., SU(5) × U(1)), and calculable values of the ratios ξ 0 = m 0 /m 1/2 and ξ A = A/m 1/2 . In this case the four-parameter models become two-parameter models. Moreover, in specific string models one can also calculate the ratios of µ and B to m 1/2 , which lead to zero-parameter models! It is also found that the soft supersymmetry breaking terms are not necessarily universal.
At this point one can say that "generic" supergravity models provide a sensible "standard" parametrization for comparisons of various tests/constraints. However, "modern" ingredients have subtle effects in the sparticle spectrum, which sometimes produce new twists not present in "generic" models. In fact, string model-building will likely soon provide a new "standard" parametrization, with novel/testable effects.
Phenomenological constraints
We do not consider theoretical constraints (e.g., gauge/Yukawa unification, doublettriplet splitting, fixed points, etc.). With few-parameter models in hand, one can run the whole gamut of tests and produce an array of experimental predictions. Caution: hidden assumptions make some constraints not as strong as others (e.g., detection of dark matter assumes there is enough in the halo to be detectable). Also, some constraints/tests are sensitive to a small subset of sparticle spectrum, whereas others test the "scale of supersymmetry". As expected, the largest effects occur for the lightest sparticle masses, but the "reach" depends on the process and its experimental sensitivity. We consider the following not exhaustive list of constraints and tests:
• Collider mass bounds: LEP (χ ± 1 , h,l,t 1 ) and Tevatron (q,g, χ ± 1 ,t 1 ).
• Collider indirect tests: LEP (Γ inv Z , R b , global fits) and Tevatron (t → X).
• Rare processes: CLEO (b → sγ) and Brookhaven ((g − 2) µ )
• Proton decay: SuperKamiokande (p → K +ν ).
• Dark matter: Cosmology (age and structure formation), direct dectection in cryogenic detectors, and indirect detection in neutrino telescopes.
Collider mass bounds 2.1.1 LEPI
As is well known, all sparticles that couple to the Z with unsuppressed strength must have masses > ∼ 1 2
M Z . This is the case for χ ± 1 ,l ± ,ν,t 1 . The Higgs boson is produced in the process e + e − → Z → Z * h, h → 2j, where σ SUSY = sin 2 (α − β)σ SM , and sin 2 (α − β) SUGRA ≈ 1. The latter is a consequence of the supersymmetric decoupling phenomenon which is transmitted to the Higgs sector via the radiative electroweak breaking mechanism [2] . Also, for LEPI accessible mass scales, B(H → jj) SM ≈ B(h → jj) SUSY . These results imply m h > ∼ 62 GeV. (In supergravity models m A > m h , and thus the hA mode is not accessible at LEPI.)
LEPII
• Gauginos: The mass relation m χ
holds to various degrees of approximation in this class of models. Charginos would be explored via e + e − → χ √ s [4] , and should be rather background free.
• Sleptons: The processes of interest are e + e − →ẽ
, whereẽ R ,μ R ,τ 1 are lightest and decay nearly ∼ 100% to lχ 0 1 . The irreducible background σ(W W → 2l) = 0.9 pb limits the reach somewhat, as Fig. 1 shows [3] .
• Higgs: e + e − → Zh, h → bb, the novelty is that h → χ 
Tevatron
• Missing E T : pp →gg,gq,qq → / E T + l ′ s + j ′ s is near the "kinematical" limit. The latest bounds are mq ∼ mg ∼ 200 GeV [6] . Caution: limits apply only to the specific choice of supersymmetry parameters used in the analysis.
• dileptons/trileptons: estimated sensitivities for Run-IB/Main-Injector [7, 8] .
process 100 pb Fig. 2 shows [10] , the two signals can have an important complementary role when the neutralino branching fraction is suppressed. In 100 pb −1 (1 fb −1 ) the reach in chargino masses using both signals can be as high as 100 (150) GeV.
• Light top-squark: The process pp →t 1t1 → (χ 
Collider indirect tests
• Determination of B(Z → χ . This program may constrain the supersymmetric sector too [12] .
• The averaged LEP measurement of R b = Γ(Z → bb)/Γ(Z → hadrons) is about 2σ higher than the Standard Model prediction [13] . Moreover, supergravity-like contributions to R susy b make the total prediction for R b only slightly closer to the LEP result [14] . However, a glance at the measurements that are being averaged shows that this apparent discrepancy may eventually disappear. 
(g − 2) µ
The last measurement of a µ = . In 1996 the new Brookhaven E821 experiment will start running with an expected sensitivity of 0.4 × 10 −9 , which is adequate to observe the electroweak contribution (∼ 2 × 10 −9 ). A difficulty in this test is that the hadronic uncertainty in the Standard Model prediction is of a similar magnitude, although experiments at Novosibirsk should reduce this uncertainty considerably. Such impasse should be of no consequence to tests of supersymmetric models, since their predictions can easily exceed the present allowed interval [16] .
Proton decay
The prediction for the proton lifetime depends strongly on the GUT group. In the case of SU (5), dimension-six operators are mediated by X, Y gauge bosons and the largest mode is p → e + π 0 , with τ p ∼ 3.3 × 10 35 (M U /10 16 ) 4 , which is basically unobservable, although it implies M U > ∼ 10 15 GeV. More important are the dimension-five operators, which need to be dressed by a chargino loop. The largest contribution comes from CKM mixing with the second generation, and the largest mode is p →ν µ,τ K + . Schematically one has
where M H is the Higgs triplet mass, f is the one-loop dressing function (f ∼ m χ
i.e., heavy squarks, light charginos are preferred), and 1 + y tK gives the ratio of 3rd/2nd generation contributions to the dressing. Requiring mq ,g < ∼ 1 TeV, one finds for M H < 3M U (10M U ): tan β < ∼ 6 (10) and ξ 0 > ∼ 6 (4) [17] . Moreover, the relic density cosmological constraint requires m χ ± 1 < ∼ 120 GeV, since one needs to be near the χχ → h, Z → ff annihilation poles [18] .
Dark matter 2.5.1 Cosmology
Conservation of R-parity in supergravity models implies the existence of a stable lightest supersymmetric particle (LSP), which corresponds to the lightest neutralino (χ). The relic abundance Ω χ h 2 can be computed from the pair-annihilation amplitude, and depends on all supersymmetry parameters, with more accurate methods needed near s-channel poles. If one requires a Universe at least 10 Gyr old, one must demand Ω χ h 2 < 1 (in a pure cold dark matter universe). One can also consider various structure formation models, such as the cold plus hot dark matter model (CHDM) with Ω χ ∼ 0.7 and Ω ν ∼ 0.3, or the cosmological constant model (CC) with Ω χ ∼ 0.2 and Ω Λ ∼ 0.8. With a given value for the Hubble parameter, such as h = 0.80 ± 0.17 from the Hubble Space Telescope, one can obtain ranges for Ω χ h 2 which can be contrasted with the predictions of specific supergravity models (see Fig. 3 [3] ).
Direct detection: cryogenic detectors
Neutralino scattering off nuclei in cryogenic detectors is a promising avenue to detect the LSP, especially in view of the new generation of detectors coming on line (the Ge detector at Stanford) or in development stage [19] . It is important to keep in mind that since Ω halo > ∼ 0.1, one requires Ω χ h 2 > ∼ 0.05 to get the "full load" of LSPs, otherwise the neutralino halo density should be scaled down. In Fig. 3 we show typical rates (R) for the Ge detector [20] , where the depletion of LSPs near the Z and h poles 
Indirect detection: Neutrino telescopes
Neutralinos can also be captured by the Sun or Earth and then pair annihilate producing eventually high-energy neutrinos which can be detected in a growing number of under ground/water/ice detectors such as Kamiokande, MACRO, Dumand, Amanda, Nestor. This detection technique is competitive with the direct one [22] .
Conclusions
Given a few-parameter supergravity model one can combine all the above constraints to determine the still-allowed region of parameter space to be further explored at the Tevatron, LEPII, and the LHC, or through the rare processes and indirect detection methods surveyed above [23, 3] . We conclude by remarking that supergravity models are well motivated few-parameter low-energy supersymmetric models, in which experimental constraints can be enforced and testable predictions can be worked out in detail. Experimentalists like them because they are "easy targets" to kill or severely damage. The procedure described above will need to be applied to the better motivated models for the soft breaking parameters which are just emerging from superstring model building. A lot of surprises may be in store.
